Animal procedures were reviewed and approved by the UCSF, Johns Hopkins and University of Wyoming Animal Care and Use Committees and all experiments were performed under the policies of the International Association for the Study of Pain. VGLUT3 KO mice and WT littermates were back-crossed to C57Bl/6 for at least 8 generations. One to three month old animals were used for histology, behavior and electrophysiology. Mice (20-35 g) were housed with 12 hour light/dark cycle at 21° C and provided food and water ad libitum. All experiments using VGLUT3 KO mice and WT littermates were performed blind to genotype.
(0.1XSSC for 3 hrs at 50° C), exposed to Biomax MS film (Kodak) 1-2 days, dipped in NTB2 nuclear track emulsion (Kodak) and exposed for 3 weeks.
Histology
Adult mice were anesthetized with sodium pentobarbatol, transcardially perfused with 4% paraformaldehyde., and brain, spinal cord, DRG and TG removed, post-fixed overnight in the same solution, and cryoprotected in 30% sucrose. Sections of the following thickness were cut on a cryostat and stored at -20° C: brain (30 µm), spinal cord (30 µm), DRG (20 µm) and TG (20 µm). For immunofluorescence, brain and spinal cord sections were incubated for 1 hour at room temperature in PBS with 10% normal donkey serum (NDS) and 1% Triton X-100 (blocking buffer). TG and DRG were blocked in 5% NDS and 0.25% Triton X-100. The sections were then incubated with rabbit antibodies to EGFP (InVitrogen) at 1:1000, chicken anti-EGFP (InVitrogen) at 1:500, guinea pig anti-VGLUT3 at 1:500 (gift of H. Hioki and T. Kaneko), guinea pig anti-VGLUT1 at 1:5000 (Chemicon), guinea pig anti-VGLUT2 at 1:2500 (Chemicon), guinea pig anti-TRPV1 (gift of D. Julius) at 1:1000, mouse anti-N52 (Sigma) at 1:2000, goat anti-peripherin (Santa Cruz) at 1:500, rabbit anti-CGRP (Penninsula Labs) at 1:1000, guinea pig anti-substance P or biotin-conjugated IB4 1:100) in blocking buffer for 1-3 days at 4°C. Sections were washed in the same buffer and then incubated with FITC-or Cy3-conjugated secondary antibodies at room temperature for two hours; streptavidin conjugated to Texas Red was used to bind IB4-biotin. After washing, the sections were mounted on slides using Prolong Antifade (InVitrogen) or Fluoromount-G (Southern Biotech), and examined by light microscopy.
Immunoperoxidase staining was performed using nickel-intensified diaminobenzidine catalyzed by glucose oxidase as described in Ahn and Basbaum, 2006 32 .
Primary antibodies were used at the following dilutions: anti-Fos at 1:50000, GP anti-VGLUT3 at 1:1000 and rabbit anti-GFP at 1:2000. For DRG and TG cell counts, the number of EGFP + cells was expressed as a percent of the total number of cells counted in slices of L4 or L5 DRG or in TG from 3 different mice. Size of the EGFP + DRG or TG neurons in these slices was also measured.
Dorsal rhizotomy
VGLUT3 mice (6 weeks old) were anesthetized by intraperitoneal injection of Ketamine (60 mg/kg) and xylazine (8mg/kg). Dorsal roots L3, L4 and L5 were exposed on one side by hemilaminectomy and durotomy, and then transected with microscissors 33 .
Intrathecal capsaicin
Mice were anesthetized with isoflurane prior before, during and after injection. Intrathecal (i.t.)
injection of capsaicin (10 µg; Sigma,) or vehicle (10% ethanol, 10% Tween 80, saline) in a volume of 5 µl was done by direct injection at the level of the pelvic girdle with 30-gauge needle attached to a luer-tipped Hamilton syringe. A heat lamp was focused on the animal immediately after injection to prevent hypothermia. Mice were monitored for an additional 5 minutes. Seven days later, mice were anesthetized with pentobarbital, transcardially perfused with 4% paraformaldehyde and the spinal cord processed for immunohistochemistry as previously described.
Mechanical threshold
After acclimatization to the testing environment (for 30-60 minutes), a graded series of calibrated von Frey filaments (0.1 to 2.0 g) were applied to the glabrous surface of the hindpaw using the "up and down paradigm" 34 .
Left and right hindpaws were tested with a 5 minute pause between consecutive tests.
Thermal nociceptive threshold (Hargreave's test) 35 Mice were placed individually into Plexiglass chambers on an elevated glass platform and allowed to acclimatize for at least 30 minutes before testing. A radiant heat source of constant intensity was then applied to the glabrous surface of the paw through the glass plate and the latency to paw withdrawal measured. The heat source was removed upon withdrawal or after a cutoff of 20 seconds to prevent injury. Paw withdrawal latency is reported as the mean of three measurements for both hindpaws with at least a 5 minute pause between measurements.
Persistent inflammatory pain (carrageenan)
Carrageenan (20 µl, 3%) was injected into the plantar hindpaw, and both mechanical threshold and radiant heat sensitivity (paw withdrawal latency) measured 24 hours later.
Neuropathic pain (spared nerve injury)
Under isoflurane anesthesia, the terminal branches of sural and peroneal nerves but not the tibial nerve were transected 15 , and both mechanical threshold and radiant heat sensitivity measured three days later.
Post-surgical pain (incision model)
Under isoflurane anesthesia and sterile conditions (10% povidone-iodide solution), a 0.5 cm longitudinal incision was made in the plantar hindpaw and then closed with two 6-0 silk mattress sutures 16, 36 . Thirty hours later, sutures were removed under isoflurane anesthesia and sterile conditions. Both mechanical threshold and radiant heat sensitivity were measured for up to one week after the incision.
Acute mechanical pain-tail clip
Each mouse was placed in a transparent Plexiglas box (17.5 · 23.5 · 9.5 cm), allowed to acclimate for 5 minutes before testing, and then a clip was applied ~1 cm from the base of the tail. The latency to bite or grasp the clip was measured with a stopwatch to the nearest 1 second, after which the clip was immediately removed 37 . Regardless of response, the test was terminated at 20 s to prevent tissue damage.
Acute mechanical pain -Randall-Selitto
Each mouse was placed in a 50 ml corning tube to acclimate for at least one hour before testing.
The tail was place in the Randall-Selitto apparatus 3 cm from the base and the mechanical threshold scored as the weight at which the mouse removed the tail.
Thermal sensitivity
To assess heat sensitivity, mice were confined to a metal surface maintained at 45°, 48° or 52° C by a Plexiglass cylinder 20 cm high, and the latency to nociceptive responses (licking, jumping) measured automatically 37 . To prevent tissue damage, mice were removed from the plate immediately after a nociceptive response or after a maximum of 60 s 38 . To test cold sensitivity, mice were placed in a plexiglass chamber and allowed to choose for 5 minutes between two plates 39 , one set to 30° C and the other to 24°, 18° or 10° C. The percent time spent on the 30° C plate was measured with a stopwatch.
Formalin test
Mice were housed individually in Perspex boxes, allowed to habituate to the testing environment for 30 minutes, injected subcutaneously with formalin (10 µl 2% in saline), and the bouts of licking the injected paw counted at 5 minute intervals for 60 minutes 37 .
Acute capsaicin
Capsaicin (3 µg /10 µl) was injected into the plantar hindpaw and the amount of time spent licking the hindpaw was scored for 5 minutes.
Capsaicin-induced secondary allodynia
Capsaicin (3 µg /10 µl) was injected into the left hind ankle and mechanical thresholds measured (using von Frey filaments) at the plantar surface of the left hindpaw 0, 15, 30 and 60 minutes after injection.
Statistical analysis for behavioral experiments.
Statistical analysis was performed by one-or two-way analysis of variance (ANOVA) and posthoc analysis performed using Tukey's, Newman-Keuls or Mann-Whitney U test.
Electrophysiology Extracellular recordings of wide dynamic range neurons
VGLUT3 KO and wild type male littermates aged 10-20 weeks were studied. Surgical preparation for neurophysiological recording has been previously described 40 . Mice were initially anesthetized with intraperitoneal sodium pentobarbital (70-80 mg/kg, Sigma), and supplemental doses (1.5 mg/kg/hr) given as needed. The trachea was cannulated to provide unobstructed ventilation, a laminectomy performed at T12-L1 to expose the lumbar enlargement at L3-L6, and the vertebral segments secured in a spinal frame. Mounted on a stereotactic device, the exposed tissue was covered with warm agar (1.5%) except for the segments to be recorded which were bathed continually in warm saline (37° C) after incision of the dura mater.
Core body temperature was maintained with a circulating hot-water pad. To facilitate controlled ventilation and to eliminate muscle contraction during electrical stimulation, the mice were also 
Intracellular recordings in an ex vivo preparation
The ex vivo cutaneous somatosensory system preparation has been described in detail previously 41 . Briefly, adult mice were anesthetized via intramuscular injection of ketamine and xylazine (90 and 10 mg/kg, respectively) and perfused transcardially with oxygenated artificial CSF (aCSF; in mM: 127.0 NaCl, 1.9 KCl, 1.2 KH 2 PO 4 , 1. with a fine sable paintbrush or blunt glass stylus, and mechanical thresholds and RF sizes were determined with calibrated von Frey filaments. The response to graded mechanical stimuli was further tested using a feedback-controlled force stimulator (300B, Aurora Scientific, Ontario, Canada; tip diameter = 0.6 mm). Time between successive stimuli was ≥ 45 sec for forces ranging between 5-25 mN and ≥ 120 sec for forces ranging between 25-200 mN. Thermal sensitivity was initially tested by applying cold (4 ºC) or heated (52 ºC) aCSF to the RF using a 10 cc syringe and 18 gauge needle; solutions delivered at bath and room temperatures controlled for mechanically-induced activation. Responses to thermal stimuli were further characterized using a feedback-controlled Peltier stimulator as described previously 19 . Evoked activity was digitized to disk for subsequent off-line analyses using Spike2 (Cambridge Electronic Design, England, UK). Peripheral conduction velocity was calculated from spike latency and the distance between stimulating and recording electrodes measured directly along the nerve.
After physiological characterization, the cell was labeled by injecting NB iontophoretically and tissues were removed for histological processing 30 min to 7 hours later. Sections were washed in PB and processed using standard ABC/DAB procedures as detailed previously 41 .
Construction of VGLUT3 EGFP BAC transgenic mice
The VGLUT3 EGFP BAC transgene was constructed using the method of Yang et al, 1997 30 .
The EGFP cDNA followed by a polyadenylation signal from SV40 was amplified by PCR from IRES2-EGFP (BD Biosciences) and inserted into the pSV1.recA shuttle vector flanked by vglut3 genomic sequences amplified from a C57Bl/6 BAC ( Supplementary Fig. 1a) . The left arm (~800 bp) was amplified by PCR from the vglut3 5' UTR and the right arm (~1000 base pairs) from the middle of the first exon into the first intron. Homologous recombination in bacteria between the modified shuttle vector and the vglut3 locus within the BAC first yielded a co-integrate that we identified by Southern blotting with a probe from the left arm. In a second round of recombination, this co-integrate resolved appropriately to yield the BAC transgene, which was again identified by Southern blotting with the left arm probe. The VGLUT3 EGFP BAC was purified and microinjected into the pronuclei of fertilized B6SJL oocytes, which were then implanted into pseudo-pregnant females. The VGLUT3 EGFP transgene was detected by PCR of tail genomic DNA using a forward primer (gagaaggcggatcacatggt) to the EGFP cDNA and a reverse primer (aggctccagaaacagtctaacg) to the first intron of the vglut3 locus. From eight founders, two expressed EGFP ( Supplementary Fig. 1b ) and we used one of these lines for further study. Figure 6 . Expression of EGFP in thoracic DRG and spinal cord of VGLUT3 BAC transgenic mice resembles that observed in lumbar regions. a, EGFP labels projections to laminae I and II inner of the dorsal horn at T7-9 in VGLUT3 BAC transgenic mice. The immunoreactivity does not colocalize with IB4, but does colocalize with PKC γ. b, In T7-9 DRG, EGFP labels cells that rarely express N52, or IB4 (> 8%) and do not express substance P (SP) or CGRP.
